This letter proposes a power-controlled coded slotted ALOHA (PC-CSA) for reliable wireless networks. The proposed PC-CSA introduces the concept of the randomization of the transmission power control mechanism in CSA to achieve reliable packet receptions at base stations. We conduct computer simulations and confirm that the proposed PC-CSA can improve the packet loss rate under a predefined time constraint.
Introduction
Reliable wireless networking has been one of the challenging technologies for a new type of applications, such as wireless machine-to-machine communications, Internet of Things, wirelessly networked control, and Tactile Internet. In reliable wireless networks, packet loss rate (PLR) should be minimized under a predefined time constraint. Carrier sense multiple access with collision avoidance (CSMA/ CA) is commonly used for wireless Internet accesses. However, CSMA/CA is not suitable for reliable wireless networks since packet delivery delay is not a constant due to packet retransmissions. Time division multiple access or some polling method fits the requirement for reliable wireless networks. However, these methods need to get the number of nodes connecting to a base station (BS). Coded slotted ALOHA (CSA) [1] is a promising method to realize reliable wireless networks. CSA introduces a multi-packet reception technology such as successive interference cancellation (SIC) in slotted ALOHA (S-ALOHA). CSA can improve PLR performance under a time constraint thanks to the packet restorations by means of the powerful interference cancellation mechanism. CSA focuses on the packet restoration by using a successfully received packet in a different time slot (horizontal cancellation, we call). On the other hand, the effect of the SIC capability in medium access control (MAC) aspect is investigated [2] . Especially, the paper focuses on the packet restoration by means of a successfully received packet in the same time slot (vertical cancellation, we call). In addition, [3] introduces the concept of the randomization of transmission power levels in SIC-enabled IEEE 802.11 networks.
In this letter, we propose a power-controlled CSA (PC-CSA) for reliable wireless networks. The proposed PC-CSA introduces the concept of the randomization of the transmission power control mechanism in CSA to achieve reliable packet receptions at BSs. We conduct computer simulations to prove the effectiveness of the proposed PC-CSA.
2 System model and proposed method 2.1 System model The basic time frame structure of the proposed PC-CSA is same as the conventional S-ALOHA and CSA. Time is divided into frames. The frame length T frame is fixed. Each frame is further divided into N slot time slots. The slot length T slot is also fixed. Here, T frame ¼ N slot Â T slot holds. T frame means a predefined time constraint, and should be set considering the requirement for applications. We assume that the slot length is the same as the packet transmission time. There is a BS, and nodes around the BS. Each node transmits packets in a distributed manner to the BS without any controls from the BS.
Proposed PC-CSA
The proposed PC-CSA introduces a transmission power control mechanism in CSA. Basically, each node transmits packets as the same procedure as CSA. The different point is introducing a randomized transmission power control at nodes in the proposed PC-CSA.
We assume that every node has a packet to transmit to a BS in every frame. Each node transmits both the original packet and its copy packets to realize reliable transmissions. At the beginning of a frame, each node randomly chooses N copy slots. In the selected slots, each node transmits the same packet. Note that N copy includes the original packet and its copy packets. Each node writes the selected slot numbers in the packet header of the transmitting packets. In addition, when transmitting a packet, a node randomly selects one of the N power transmission power levels so that the BS receives one of the N power received power levels. We define the received power levels P i ði ¼ 0; 1; . . . ; N power À 1Þ, where P 0 < P 1 < . . . < P N powerÀ1 . The received power levels are selected considering the Shannon-Hartley theorem so that the BS can receive the packet with the strongest received signal even when multiple nodes transmit packets in a slot. In general, the pathloss or channel state between each node and the BS is different. Therefore, the transmission power levels of each node are different and should be selected carefully. This letter assumes a static environment and assumes that each node can control its transmission power exactly. This paper focuses on the MAC protocol considering SIC capability. The SIC technology itself is based on the same technology as the conventional CSA.
At the end of a frame, a BS tries to restore collided packets within the frame by using SIC technologies. The proposed PC-CSA introduces two types of SIC technology: vertical cancellation and horizontal cancellation. The vertical cancellation is the SIC technology to cancel (subtract) the received signal of a successfully received packet. The horizontal cancellation is the SIC technology to cancel the received signals in different slots. In the horizontal cancellation, the successfully received packet from a node in a slot is used to cancel all of the packets from the node in the different slots.
The procedure in a BS to receive and restore packets in each frame is as follows:
Step 1: BS tries to decode a packet in each slot sequentially from Slot 0 to Slot N slot À 1. When the BS receives a packet in a slot or the signal to interference plus noise ratio (SINR) of a packet is strong enough to receive it (i.e. capture effect), BS can receive the packet successfully.
Step 2: BS cancels the received signal of the successfully received packet in the slot by means of the vertical cancellation technology.
Step 3: BS reads the header of the successfully received packet to know the transmitting node of the packet. By using the acquired information, the BS cancels the received signals of all the received packets from the transmitting node using the horizontal cancellation technology.
Step 4: Return to the Step 1 until the BS cannot decode any packets. Fig. 1 illustrates the example of the operation of the proposed PC-CSA when N slot ¼ 4, N ¼ 3, N copy ¼ 2, and N power ¼ 3. Node A selects Slot 1 with the power level P 0 and Slot 2 with the power level P 1 . Node B transmits the packets in Slot 0 with the power level P 1 and Slot 1 with the power level P 0 ; Node C transmits the packets in Slot 0 with the power level P 1 and Slot 2 with the power level P 2 . In Slot 0, BS cannot receive the packets B0 and C0 because the selected power levels of Node B and Node C are the same and the SINR is not strong enough to receive them. In Slot 1, BS cannot receive both packets B1 and A1, as well. In Slot 2, BS can receive the packet C2 thanks to the capture effect. After receiving the packet C2, BS cancels the received signal of the packet C2 in Slot 2 by means of the vertical cancellation. In addition, BS cancels the received signal of the packet C0 in Slot 0 by using the received signal of the packet C2 (horizontal cancellation). Thanks to the cancellations, BS decodes the packet B0 and A2 successfully. Thus, BS can receive all the transmitted packets from Nodes A, B and C successfully.
Performance evaluation
We conduct computer simulations to evaluate the proposed PC-CSA. We consider the situation in which there are N nodes around a BS. The right hand of Fig. 2 shows the parameters in the simulations. The method N power ¼ 1 is equivalent to the conventional CSA. Especially, when the method with N power ¼ 1 and N copy ¼ 1 operates as the conventional S-ALOHA. On the other hand, the methods with N power ¼ 2 and N power ¼ 3 are the proposed PC-CSA.
The left hand of Fig. 2 shows the PLR performance. From Fig. 2 , as N power increases, we found that the PLR performance of the proposed PC-CSA is better than the conventional CSA. Especially, the proposed PC-CSA can achieve that the PLR is less than 10 À7 when N power ¼ 3 and N copy ¼ 5; 6. Such a small PLR performance comes from introducing randomized transmission power controls and both vertical and horizontal cancellations in the proposed PC-CSA. On the other hand, in the proposed PC-CSA, when a middle N power is set, the PLR performance improves thanks to the packet restorations by using the SIC technology. However, when a too large N power is set, more collisions occur. As the result, the PLR performance gets worse. From the result, we confirm that the proposed PC-CSA is effective to improve PLR performance within a predefined time constraint if an appropriate N copy is selected.
Conclusion
This letter has proposed PC-CSA in order to realize reliable wireless networks. PC-CSA introduces a randomization of transmission power control mechanism in CSA. From the simulated results, we have confirmed the effectiveness of the proposed PC-CSA. As the future work, we evaluate the performance of PC-CSA under the situation considering fading. In addition, we extend the proposed method using multiple rate transmissions.
